INTRODUCTION
Rapid changes in ambient temperature, cold shock and heat shock, profoundly affect the physiology and growth of bacterial cells and, in some cases, cause cell death (McGranth and Williams, 1966) . To cope with these thermal shock stresses, bacteria possess specific self-defense systems involving global net works of genes, called the cold shock response and heat shock response (Phadtare et al., 2000; Raivio et al., 2000; Yura et al., 2000) . From these genes a variety of stress proteins, cold shock proteins and heat shock proteins, are produced to protect cells from stressful situations. These proteins include molecular chaperones, proteases, proteins involved in energy generation and general metabolism, transcriptional and translational regulatory proteins, and other uncharacterized proteins (Phadtare et al., 2000; Raivio et al., 2000) .
However, most of the studies on the molecular mechanisms of these phenomena have been carried out under nonlethal shock conditions (Phadtare et al., 2000; Raivio et al., 2000) and there are only a limited number of reports describing the biological effects of lethal cold shock and heat shock. Although the killing action of heat itself has been widely utilized for the pasteurization and sterilization of foods and medical instruments, the mechanism of thermal death remains unclear. Likewise, the lethal effect of cold shock has also been reported (Mackey, 1984) but the cause of the cell death has scarcely been investigated. As possible targets of these thermal shocks, DNA, proteins and enzymes, and cell membranes have been presented (Mackey, 1984) .
We have previously reported that cold shock (Svarachorn et al., 1991; Tsuchido et al., 1995 Tsuchido et al., , 1996 (Tsuchido et al., 1995 (Tsuchido et al., , 1996 . using modified zymographic SDS-PAGE. In accord with the in vivo results shown in Fig. 3B , among DNases detected, major activity bands were the 60 and 39 kDa enzymes, whereas 34, 28 and 17 kDa bands demonstrated relatively weak activities (Fig.  4) . The 60 kDa and 34 kDa enzyme were Mg2+ -dependent, whereas 39, 28 and 17 kDa bands enzymes were found to be Ca2+ or Mn2+ -dependent (Fig. 4) . Further, the activities of the 60, 34, 28 and 17 kDa DNases were inhibited by ZnCl2, but that of the 39 kDa was not (Fig. 4) . These results suggest that a major factor of the DNA fragmentation in thermally shocked cells may be 39 kDa DNase.
Native DNA endonuclease activity in the cell-free extract It is likely that a monomer dissociated from original homo-oligomer enzyme is inactive in the zymographic SDS-PAGE but becomes active by interacting with other composite or some partner protein (s). To find such possible enzymes, whole proteins in the cell-free extract were fractionated by molecular mass using native-PAGE and then the resultant gel was cut into small segments before the assay of DNase activity in the reaction buffer containing metal ions, 3 mM CaCl2, 3 mM MgCI, and/or 1 mM ZnCl2. As a result, substantial activity of a native enzyme was detected only in the no. 1 segment (Fig. 5a ). By zymographic SDS-PAGE, this segment was found to contain four DNases having molecular masses of 60, 39, 34 and 28 kDa, whereas in nos. 4-7 segments the activity of only 17 kDa DNase was detected (Fig. 5b) . The results also suggest that the DNA fragmentation factor may be the 39 kDa and also possibily 34 and/or 28 kDa DNase (s), both of which are Ca' dependent.
DNase activity in the detergent-solubilized fraction
To obtain a clue regarding the localization of DNase activity, we examined the enzyme activity of extracts prepared by different methods. The activity in the cellfree extract obtained by lysozyme treatment was recovered in the detergent NP40-solubilized fraction, but not in the soluble fraction (Fig. 6) . A similar result was also obtained by the two-phase partition method using Triton X-114 and a marked DNase activity was detected in the detergent phase (Fig. 6 , nos. 4 and 5).
We further examined the isoelectric point of the 39 kDa DNase obtained from the whole cell extract using the zymographic 2D-PAGE. This enzyme was the most basic protein among all DNases detected and the isoelectric point was presumed to be about pl 10 (Fig. 7) .
The 17kDa DNase is NucA and not the DNA fragmentation factor for thermal shock stresses Only two DNases, NucA and NucB, have been characterized in B. subtilis cells so far (van Sinderen et al., 1995; Vosman et al.,1988) . Based on the native-PAGE as well as zymographic SDS-PAGE analyses, the 17 kDa DNase was supposed to be NucA. Therefore, we constructed a nucA-deleted mutant. Southern analysis demonstrated that the nucA gene probe hybridized with the 2 kb HindIII-digested fragment of the parent strain chromosome and the 3 kb HindIII-digested fragment of nucA mutant chromosome, and the cat gene probe constructed here only hybridized with the 3 kb HindIII-digested fragment of the nucA mutant chromosome (Fig. 8b) .
By DNase zymographic analysis of the extract from this mutant, NucA was identified to be the 17 kDa DNase, as expected (Fig. 8c) . We therefore compared the degrees of DNA fragmentation in vitro and in vivo between the wild-type and nucA mutant after exposure to cold shock and heat shock treatments. The fragmentation both in vivo and in vitro were at the same levels in both of these strains ( Fig. 8d and e) , indicating that NucA was not involved in the DNA fragmentation caused by these shock treatments.
DISCUSSION
We demonstrated here, using the agarose gel electrophoresis in this study, that DNA cleavage was enzymatically cleaved in B. subtilis cells by exposure to these treatments. Since B. subtilis has a variety of DNases in cells, the question is which DNase is the factor involved in the DNA fragmentation observed. In vivo and in vitro experiments of metal ion addition suggest that the target enzyme depends on Ca2+ and resistant to Zn2+.
As structural genes encoding DNases in B. subtilis, nucA, nucB, addAB have been indentified so far (Kooistra and Venema, 1991; van Sinderen et al., 1995; Vosman et al.,1988) . Most restriction enzymes of type II are Mg2+ -dependent endonucleases (Pingoud and Jeltsch, 1997) and cannot digest specifically methylated DNA. We can therefore exclude those restriction enzymes from consideration as a candidate for the DNA fragmentation factor. Since AddAB working for DNA repair is an ATP-and Mg2+-dependent but Ca2+ -sensitive endonuclease (Kooistra et al., 1997) , this enzyme can also be excluded.
Our study indicates that the 39 kDa DNase is a possible candidate for the DNA fragmentation factor. The reasons are as follows. First, the 39 kDa DNase was detected as a major activity band in zymographic SDS-PAGE. Second, it was a Ca2+-or Mn2+-dependent but Mg2+ +-independent enzyme. Third, the activity of this enzyme was not inhibited by ZnCl2. Since the international B. subtilis genome project group has opened the nucleotide sequence and putative ORFs on the whole genome (Kunst et al., 1997) , we searched for possible candidates which were Ca2+-or Mn2+-dependent DNases and unknown DNA endonuclease homologs in those ORFs. As a result, the genes of YokF and YncB, which were homologous similar to a staphylococcal nuclease (SNase), were found. SNase has been reported to be a Ca2+-dependent DNase and to have a type I motif signal peptide as an extracellular protein (Shortie, 1983) . Both YokF and YncB have a putative type II motif signal peptide as a lipoprotein. Although their molecular masses are 31 and 22 kDa, respectively, when estimated from the amino acid sequences after processing, they have similar metal-binding domain. Cuatrecasas et al. (1967) have reported that Ca2+ -dependent SNase activity is inhibited by Zn2+ and Mn2+. Grohmann et al. (1997) have reported that SNase and Mg2+-or Mn2+ -dependent holiday junction specific endonuclease, RuvC, have homologous regions in their putative metal ion binding domains.
Further, in the B. subtilis genome, as endonucleases having a molecular mass of about 39 kDa, YwjD and YqfS (36 and 34 kDa, respectively) were found, both of which were homologs of DNA repair endonuclease. However, it is unclear whether the genes encoding these proteins are really expressed in cell and whether they act to randoming cleave double strand DNA. Our results also demonstrate that the NucA protein is not the DNA fragmentation factor.
The 39 kDa DNase seems to be a membrane protein, since its activity has been recovered from the Triton X-114 phase in the phase partition system.
